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Abstract  
Introduction: The chilli pepper (Capsicum spp.), ranked among the 
world's leading spices or food additives, is now Benin's second most-important 
vegetable crop after tomatoes. Unfortunately, chilli peppers are likely to be 
contaminated with mold which produces dangerous mycotoxins due to 
cultural practices, transport, and post-harvest storage. Objective: The purpose 
of this study is to isolate and identify the molds that contaminate chilli pepper 
varieties in open fields according to the cultivation methods used in the 
Republic of Benin. Materials and Methods: A total of 240 samples of three 
varieties of chilli peppers were taken directly from six districts of Benin. The 
molds were isolated and purified on a PDA (Potato Dextrose Agar) medium 
for identification. The identification focused on the morphological and cultural 
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characteristics of isolated strains. Results: Nine (9) fungal genera from 
different taxonomic groups were detected. The genera that have been 
represented are Aspergillus (34%), Fusarium (21%), Penicillium (16%), 
Alternaria (7%), Cladosporium (7%), Mucor (7%), Scytalidium (4%), 
Trichophyton (3%), and Rhizopus (1%). Conclusion: The present study shows 
that chilli pepper is being contaminated in Benin. The genera Aspergillus, 
Fusarium, Penicillium, and Alternaria are respectively the main toxinogenic 
molds that contaminate peppers in the field. The mold control in chilli pepper 
against pathogenic agents became urgently required to reduce a consumer 
disease caused by chilli pepper in Benin. 
Keywords: Benin, Chilli Pepper, Molds, Mycotoxins, Occurrence 
 
1.  Introduction 
Around the world, chilli pepper is classified among the leading spices 
or food additives. The chilli pepper (Capsicum spp.) is now the second in 
market garden crops after tomatoes in Benin (INRAB, 2009). It is rich in 
vitamins (A, B6, C, E, K); in trace elements such as copper, iron, manganese, 
and potassium; and also in ascorbic acid, flavonoids, oligosaccharides, and 
carotenoid compounds (Orobiyi, 2015). In Benin, chilli pepper is one of the 
most produced and consumed vegetable crops undeniably occupying a 
prominent place in the Beninese household. Several varieties of chilli pepper 
are used in fresh fruit directly from the fields, in dried fruit from the 
conservation, and transformed into paste or powder for the preparation of 
different foods. In addition to food, chilli pepper is also used for its medicinal 
properties (FAO, 2016). In phyto-medicine, the fruit is used orally as an 
infusion to improve blood circulation, treat nausea, high blood pressure, 
diabetes, and overweight (Lejeune et al., 2003; Koffi et al., 2014). The main 
interest of chilli pepper is in its physicochemical composition (Tilahun et al., 
2013) which varies according to its varieties and environmental conditions 
(Bae et al., 2012; Toffa, 2015). Its richness in antioxidants among which 
capsaicin is found gives it a great nutraceutical value (nutritional and 
medicinal). Unfortunately, the presence of fungal contaminants on chilli 
pepper varieties is effective. Chilli pepper is likely to be contaminated with 
Xerophilous xerophilic toxigenic fungi in the field, after harvest, during 
transport, and during storage (FAO/WHO, 2017). Indeed, the cultural 
practices used could have a significant impact on the chilli pepper 
contamination in the field, especially in the humid lowlands. Also, the 
improper storage or preservation methods used and the unsuitability of certain 
varieties for conservation would also lead to attacks by micro-organisms 
including molds of the genus Aspergillus, Penicillium, Fusarium, and 
Alternaria, etc. (Zinedine, 2004; Nguyen, 2007; Debodé et al., 2016). They 
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are heterotrophic eukaryotic unicellular or multicellular fungi of complex 
structure, endowed with the power of sporulation, which grow on the surface 
of foodstuffs because of their aerobic nature (Toffa, 2015; Meilé, 2017). They 
are the most known contaminants of chilli pepper. Once on the chilli pepper, 
these micro-organisms alter their sanitary quality causing, thus, enormous 
economic losses (INRAB, 2009; Fondio et al., 2015). Generally, 
contamination evolves after harvest, storage, or storage based on a 
combination of intrinsic and extrinsic factors (Royer & Tap, 2004; Toffa, 
2015). There is no doubt that molds have a remarkable ability to adapt. 
Therefore, a change in a technological process can lead to a quantitative and 
qualitative change in mycoflora. A large number of mold species belonging 
mainly to the three very common genera, Aspergillus, Penicillium, and 
Fusarium (Zinedine 2004; Nguyen, 2007; Debodé et al., 2016), present in 
ambient air and soil, of agricultural crops are able, for example, to develop on 
certain substrates such as peanuts, spices, coffee, and cereals to synthesize and 
excrete mycotoxins (Garba et al., 2014; Ba et al., 2016; Tovidé et al., 2018). 
Basically, these are products of their secondary metabolism, and they are very 
toxic for humans and animals (Tozlovanu, 2008; Toffa, 2015; Debodé et al., 
2016; Meilé, 2017). Productive mold may also disappear from the food, while 
mycotoxins, which are very stable, may persist even after heat treatment 
(Toffa, 2015; Debodé et al., 2016). Therefore, a better knowledge of chilli 
pepper infective mold in Benin and mycotoxin production potential of mold 
strains will facilitate better risk prediction and corrective measures in Hazard 
Analysis Critical Control Point (HACCP) system. Therefore, the objective of 
this work is to study the variability of the contaminating molds of chillies 
according to the technical production, storage, or conservation routes.  
 
2.  Material and Methods 
2.1.  Sampling 
The chilli peppers were sampled in southern Benin in the district of 
Ouémé, Plateau, Zou, Collines, Atlantique, and Littoral (Figure 1). The three 
main varieties most produced and consumed in Benin were the subject of this 
study. These varieties are: variety of round form called Gbotakin in the local 
language of Fon (Capsicum chinense), long-sized variety called Afundja in the 
local language of Fon (Capsicum annuum), and the very small variety called 
Danhometakin in the local language of Fon (Capsicum frutescens) (Photo 1). 
A total of 240 samples of three varieties of chilli peppers were collected 
directly in the communes of the six districts mentioned.  
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Figure 1. Figure showing the location of communes surveyed by district 
 
Photo 1. Chilli pepper varieties used in this study. 
[A] Fresh Gbotakin variety, [B] Fresh Afundja variety, [C] fresh Danhometakin variety. 
 
2.2.  Enumeration of Aerobic Total Mesophilic Flora  
The total mesophilic aerobic flora was counted by the bulk inoculation 
technique on Plate Count Agar (PCA) culture medium from the decimal 
dilutions (10-5, 10-6, and 10-7) prepared. This was done by adding 10g of 
sample to 90ml of a 0.1% sterile buffered peptone water solution. Then, 1ml 
of each dilution was put into two boxes kneaded by dilution. Since the 
inoculum was already in the dishes, about 15ml of the super-cooled culture 
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medium was then poured and the whole was then incubated at 30°C for 72 
hours after solidification. After culture, only boxes with a colony count 
between 30 and 300 were taken into account for the different statistical 
analysis.  
 
2.3.  Enumeration of Molds 
Dilutions 10-1, 10-2, and 10-3 were prepared by adding 10g of sample to 
90ml of a sterile 0.1% peptone water solution. Then, 0.1ml of each dilution 
was inoculated on Sabouraud surface with Chloramphenicol at the rate of two 
Petri dishes by dilution and then incubated at 25°C. Counting was performed 
from the third day of incubation by evaluating the number of colony-forming 
units per gram of chilli pepper (CFU/g) for 5 days.  
 
2.4.  Characterization of Molds 
2.4.1.  Isolation, Purification, and Conservation of Strains 
From colonies obtained on Sabouraud agar Chloramphenicol, those 
with mold features were separated by isolation. The latter were placed directly 
on a standard selective medium such as Chloramphenicol PDA (Potato 
Dextrose Agar) agar and the petri dishes were incubated at 25°C for 7 days. 
The strains formed were isolated again and then purified according to the 
technique of successive subcultures in peak by exhaustion of fungi. The last 
colonies pushed on the successive subculturing points by exhaustion 
constituted the pure strains. The pure strains obtained were stored in buffered 
peptone water at 4°C for later identification.  
 
2.4.2.  Morphological Identification of Isolated Strains  
The morphological identification of mold strains was based on the 
cultural characteristics and the morphology of fructifications and spores. Also, 
the identification keys used were those of Raper and Fennell (1965) and Pitt 
and Hocking (1985) recently described and reported with some modifications 
by Campbell et al. (2013) and Dufresne and St Germain (2018). These 
methods have been used by several authors for the morphological 
(macroscopic and microscopic) identification of molds of the genus 
Aspergillus, Penicillium, Fusarium, and thermophilic filamentous fungi 
(Cooney & Emerson, 1964; Chabasse et al., 2002; Lecellier, 2013; Houmairi 
& Hicham, 2015; Compaore et al., 2017).  
 
2.4.2.1. Macroscopic Characteristics  
The macroscopic characteristics of isolated and purified mold strains 
on PDA and MEA agar were determined with the naked eye with cultures of 
at least 7 days incubated at 25°C. This is mainly the shape, size, color, 
appearance, contour, and growth rate (fast, medium, slow) of fungal colonies.  
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2.4.2.2. Microscopic Identification  
The superficial part of the fungal mycelium was removed with a sterile 
platinum loop and placed on a slide to which lactophenol blue was added as a 
diluent. The characteristics noted were: the color, appearance and size of 
conidiophores, the number of conidia, the shape of the head (aspergillary, 
penicillary, and fusariare), differentiation of thallospores, mode of branching 
of septa, and the presence of metulae. The observation was made with the 
Optical Microscope-LCD Digital coupled to a camera for the capture of 
images. Magnifications (× 10) (× 40) and immersion magnification (× 100) 
were used.  
 
2.5.  Statistical Analysis 
The data collected from the results of manipulations on the collected 
samples were captured using the Excel 2016 software. The results of the 
enumeration of the aerobic total mesophilic flora (TAMF) and that of the 
yeasts and molds (YM) were submitted to the LSD-Test (Fisher's Least 
Significant Difference-Test) and the Student-Newman-Keuls test using 
Statistical Analysis System (SAS) version 8.1. This was performed in order to 
compare the averages between the contamination loads of the studied peppers 
and to determine the significant differences between the means of the districts. 
The difference was considered statistically significant when the value of p < 
0.05. The geographical map of the sampling zones was carried out using Qgis 
software version 2.14.  
 
3. Results 
3.1. Global Contamination of Chilli Peppers Studied by Microorganisms 
 
Figure 2. Microbial load in total mesophilic            Figure 3. Microbial load in yeasts                                                       
and molds (YM)                                             aerobic flora (TAMF) 
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Figure 4. Degree of contamination in TAMF and YM of studied chilli peppers 
 
 
Figure 5. Microbial load in mold of studied chilli peppers 
The means between districts with the same letters are not significantly different at the 5% 
probability level according to Fisher's LSD test and = p ˃ 0.05 (no difference); * = p <0.05 
(significant); ** = p <0.01 (highly significant); *** = p <0.001 (very highly significant). 
 
3.2.  Morphological Characterization of Isolated Strains 
Purified molds were identified by macroscopic examination that was 
performed after incubation for at least 7 days on PDA medium with 
choramphenicol at a temperature of 25°C, and slide microscopic examination 
with lactophenol added as diluent, gives results which have been mentioned 
below (Table 1).  
A total of seventy-six (76) mold strains were isolated, purified, and 
characterized from 240 chilli pepper samples. Thus, Table 1 summarizes the 
appearance of the mycelium of some isolated fungal strains, the consistency 
of the colonies, the color of the back of the box, and the presence or absence 
of pigments characteristic of each strain. Table 2 presents the representative 
descriptive characteristics of each of the isolated fungal genera and their 
reference images. 
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Table 1. Macroscopic and microscopic characteristic (G X 40) of the molds grew at 250C on PDA medium 
CODES MACROSCOPIC OBSERVATION 
(BOTH & SIDES) 
MICROSCOPIC OBSERVATION CHARACTERISTICS 
SPECIES 
FUNGAL 
GENERA 
M9R3 
 
 
*Color 
-revers: Beige 
-mycelium: white 
-spores: Yellowish green 
* diameter: 4 cm 
* growth: rapid 
* appearance : powdery 
Aspergillus sp. 
M109R1 
 
 
*Color 
-revers: yellow rack 
-mycelium: white 
-spores: black 
* diameter: 5cm 
* growth: rapid 
* appearance: granular 
and floury 
Aspergillus sp. 
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M46R3 
 
 
*Color 
-revers: beige 
-mycelium: green 
-spores: green 
* diameter: 1, 2cm 
* growth: rapid 
* appearance: powdery 
Aspergillus 
sp. 
M38R3 
 
 
*Color 
-revers: mustard yellow 
-mycelium: light pink 
-spores: light pink 
* diameter: 7.1cm 
* growth: rapid  
* appearance : ovoid and 
cottony 
Fusarium sp. 
M89R5 
 
 
*Color 
-revers: pure beige 
-mycelium: white 
-spores: white 
* diameter: 5.5 cm 
-growth: average 
* appearance: cottony 
Fusarium sp. 
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M26R5 
 
 
*Color 
-revers: yellow 
-mycelium: white 
-spores: White, green 
* diameter: 3.7 cm 
* growth: average 
* aspect: Wool 
Penicillium 
sp. 
M1R3 
 
 
*Color 
-revers: Yellow 
-mycelium: Green 
-spores: green 
* diameter: 1, 2 cm 
* growth: rapid 
* appearance : powdery 
and invasive 
Pénicillium sp. 
M107R1 
 
 
*Color 
-revers: Beige, black 
-mycelium: white 
-spores: White 
* diameter: 5, 8cm 
* growth: rapid 
* appearance: cottony 
 
Alternaria sp. 
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M59R4 
 
 
*Color 
-revers: Beige 
-mycelium: White 
-spores: Yellow 
* diameter: 2, 3 cm 
* growth: Average 
* appearance: Cottony 
and powdery 
Cladosporium sp. 
M125R4 
 
 
 
*Color 
-revers: yellow 
-mycelium: yellow 
-spores: yellow 
* diameter: 8.2cm 
* growth: rapid 
* appearance : Cottony 
Mucor sp. 
 
M103R1 
 
 
*Color 
-revers: Black 
-mycelium: white 
-spores: white 
* diameter: 1cm 
* growth: slow 
* appearance: cottony and 
pleated 
Mucor sp. 
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M29R5 
 
 
*Color 
-revers: yellow 
-mycelium: White 
-spores: Beige 
* diameter: 2, 9 cm 
* growth: average 
* appearance: Cottony 
Trichophyton sp. 
M122R1 
 
 
*Color 
-revers: White 
-mycelium: white 
-spores: white 
* diameter: 8, 4 cm 
* growth: rapid 
* appearance : cottony 
Scytalidium 
sp. 
M25R5 
 
 
*Color 
-revers: Beige 
-mycelium: White 
-spores: beige 
* diameter: 3.9cm 
* growth: average 
* appearance: ovoid and 
cottony 
Rhizopus sp. 
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Table 2. References of isolated fungal genera 
Species  Reference Picture (x40) Descriptive Characteristics 
Aspergillus 
spp. 
 
Demonstration of aspergillary heads on 
microscopic examination of colonies. 
A vegetative thallus formed of hyaline 
filaments, of fine and regular diameter, 
septate and branched. 
(Campbell et al., 2013) 
Fusarium spp. 
 
Conidiophores short and often 
branched. They carry phialides that 
may have one or more budding sites for 
the production of conidia. 
(Campbell et al., 2013) 
Pénicillium 
spp. 
 
Hyphae septa, hyaline, bear 
conidiophores simple or branched, are 
sometimes grouped in bush or coremia. 
The phialides are arranged in whorls at 
the end of the conidiophores. 
(Campbell et al., 2013) 
Alternaria spp. 
 
Hyphae, septate, are branched and later 
some filaments are pigmented brown. 
Conidiophores are septate, brown, 
septate, simple or branched, more or 
less straight or flexuous (geniculate). 
 (Dufresne & St Germain, 2018) 
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Cladosporium 
spp. 
 
Hyphae, septate, are pigmented. Plain 
or multicellular blastospores arranged 
in acropetal chains. 
(Campbell et al., 2013) 
Mucor spp. 
 
Cloisonne filaments, globular 
sporocyst, round spores. 
Broad filaments little gold no septate. 
No stolons nor rhizoids. 
 (Campbell et al., 2013) 
Scytalidium 
spp. 
 
The hyphae are regular, septate, and 
hyaline. 
(Chabasse et al., 2002) 
Trichophyton 
spp. 
 
Macroconidia absent; 
Microconidia club-shaped, formed 
along the sides of the hyphae. 
(Dufresne & St Germain, 2018) 
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Rhizopus spp. 
 
Mushroom with non-septate filaments. 
Wide filaments not or slightly septate. 
Stolons, rhizoids and sporocystophores 
are well differentiated. The spores are 
ovoid. 
 (ANOFEL, 2014) 
 
Table 3. Relative number and frequency of isolated and characterized mold species on the 
chilli peppers studied. 
Fungal species Number Frequency Mold species 
Aspergillus spp. 
 
26 
 
34% 
 
Aspergillus niger 
Aspergillus flavus 
Aspergillus 
ochraceus 
Aspergillus 
parasiticus 
Aspergillus fumigatus 
Aspergillus nidulans 
Aspergillus flavipes 
Aspergillus oryzae 
Aspergillus spp. 
Fusarium spp. 
 
16 
 
21% 
 
Fusarium solani 
Fusarium 
moniliforme 
Fusarium oxysporum 
Fusarium 
proliferatum 
Fusarium spp. 
Pénicillium spp. 
 
12 
 
16% 
 
Pénicillium expansum 
Pénicillium 
cyclopium 
Pénicillium citrinum 
Pénicillium notatum 
Pénicillium 
citreonigrum 
Pénicillium spp. 
Alternaria spp. 
 
5 7% 
Alternaria alternata 
Alternaria infectoria 
Alternaria spp. 
Cladosporium 
spp. 
5 7% Cladosporium spp. 
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Mucor spp. 5 7% Mucor spp. 
Trichophyton spp. 3 4% Trichophyton spp. 
Scyatalidium spp. 2 3% Scytalidium 
dimidiatum 
Scyatalidium spp. 
Rhizopus spp. 1 1% Rhizopus spp. 
Total number : 76 100%          - 
 
4.       Discussion 
The level of contamination of chilli peppers by the aerobic total 
mesophilic flora, yeasts, and molds are presented in Figures 2 and 3. 
According to these results, it can be seen that 34% of the chilli peppers studied, 
all origins combined, have a mean microbial load in aerobic mesophilic flora. 
It is quite high and is above the threshold recommended by the Quebec 
standard (108 CFU/g) (CQIASA, 2009) with a maximum microbial load of 
4.93.108 CFU/g. It also emerges from these results that there is a high 
significance at the 5% threshold between the samples coming from the same 
district and between certain district in a specific way. Thus, between the 
district of Zou and that of the hills, there is a highly significant difference in 
the aerobic total mesophilic flora. Also, there is also a highly significant 
difference between these two districts and those of the Littoral, Atlantic, and 
Plateau between where there is no differentiating significance.  
Yeasts and molds are also above the recommended threshold (105 
CFU/g) for spices, fresh fruits, and vegetables by the Quebec standard 
(CQIASA, 2009) for all samples of chilli peppers studied. It should be noted 
that there is no significant difference at the level of 5% threshold between 
samples analyzed from the same district and from the six districts for yeast 
and mold. Of the samples analyzed, Figure 4 shows that all districts are more 
contaminated by yeasts and molds with the exception of Zou district which is 
more contaminated by aerobic total mesophilic flora. These values are similar 
and consistent with those reported by Kumar et al. (2008) and Fondio et al. 
(2015) who have shown that the microorganisms that contaminated chilli 
pepper varieties are more fungi, including yeasts and especially molds, than 
bacteria.  
Figure 5 shows the molds contamination of chilli peppers studied. 
These results show that the district of Ouémé is the most contaminated area 
by the mold.  Opposite to Ouémé, the district of Zou is the least contaminated. 
Also, there is a very high significance at the 5% threshold for the six study 
districts with regard to the mold species contaminating the chilli peppers 
studied. This high level of mold contamination observed in the district of 
Ouémé is explained by the fact that the cultural practices carried out in this 
district are those of a recession culture and of the lowland. Here, the humidity 
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is quite important and it easily favors contamination and development of 
microorganisms including fungi and especially molds. In fact, low-lying or 
low-lying wetland crops are generally found in market gardens just at the 
beginning of the flood, where the various types of waste left by the river such 
as dead fish and other rotten debris are still there.  
These results are in good agreement with those of several authors who show 
that humidity and temperature are determining factors for the proliferation of 
microorganisms, including molds with possible production of mycotoxins 
(Pardo et al., 2005; Hernandez et al., 2008).  
The characterization of the local strains of the mold species studied by 
the present study reveals a contamination of three varieties of chilli pepper 
(Capsicum chinense, Capsicum annuum, and Capsicum frutescens) produced 
in Benin by seventy-six (76) fungal species from nine (9) taxonomic genera. 
The results reveal a variety of fungal agents developing on chillies, thus, 
affecting its health status and consequently its aesthetics. The genera that were 
most represented are Aspergillus (34%), Fusarium (21%), Penicillium (16%), 
Alternaria (7%), Cladosporium (7%), Mucor (7%), Scytalidium (4%), 
Trichophyton (3%), and Rhizopus (1%). The dominant species in the genus 
Aspergillus are Aspergillus niger (47%), Aspergillus flavus (26%), and 
Aspergillus ochraceus (16%). In the genus Fusarium, Fusarium solani (41%), 
Fusarium moniliforme (30%), and Fusarium oxysporum (19%) are the most 
frequently isolated. On the other hand, Penicillium was Penicillium expansum 
(43%), Penicillium cyclopium (36%), and Penicillium citrinum (23%). 
Specific diversity was higher in the genus Aspergillus (twenty-six different 
species) followed by the genus Fusarium (sixteen species) and the genus 
Penicillium (twelve species).  
The predominance of telluric genera such as Aspergillus, Penicillium, 
Fusarium, or Rhizopus with other less common genera such as Cladosporium 
in spice samples, fresh fruits, and vegetables such as chilli pepper has been 
reported by several authors (Erdogan, 2004; Kumar, 2008; Houmairi & 
Hicham, 2015). Several studies have pointed out that species that affect spices 
are storage xerophiles such as Aspergillus spp. and Penicillium spp. or pre-
harvest contaminants such as Fusarium (Kachkouch et al., 2012; Houmairi & 
Hicham, 2015). They are a group of molds normally confined to the soil but 
found on spices, fresh fruits, and vegetables under precarious hygienic 
conditions in relation to harvesting, drying, storage, and transport procedures 
depending on whether they have undergone or not preventive treatments (Abu 
Donia, 2008; Kachkouch et al., 2012).  
The most contaminated chilli pepper samples would certainly have the 
highest moisture levels and come from lowland or lowland wetland crops. 
Also, poor farming practices are an undeniable cause of contamination of the 
chilli pepper in the open field by molds and, therefore, later by mycotoxins 
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once the favorable conditions are met for their production by the latter. These 
results are in good agreement with those of several authors showing that 
humidity and temperature are determining factors for the proliferation of 
microorganisms, including molds, with possible production of mycotoxins of 
all kinds (Hernandez et al., 2008; Houmairi & Hicham, 2015). Research 
conducted by Zinedine (2004) shows the presence of Aflatoxins (B1, B2, G1, 
and G2) produced by the genera Aspergillus in the powdered chilli peppers 
analyzed.  
Our results are therefore in agreement with those of Zinedine, and it 
testifies to a possible presence of Aflatoxins on samples of chilli pepper 
already contaminated with Aspergillus spp. in Benin. However, this 
relationship is not always obvious because there are intrinsic factors that are 
the constituents of each species of plant and other extrinsic factors that are the 
environmental and geographical circumstances that condition the production 
of mycotoxins (Erdogan, 2004; Zinedine, 2004; Nguyen, 2007; Ouattara-
Sourabié, 2011; Debodé et al., 2016; Meilé, 2017). Indeed, the presence of 
fungal contaminants and their detrimental effects on the reduction of the yield 
of production and the sanitary and nutritional quality of chilli peppers is 
effective. The research carried out by several authors that was reported below 
confirm this effect of fungal species on plants, spices, grains, oilseeds, and 
other foods in general.  
For example, the Aspergillus genera of which Aspergillus niger causes 
black crown rot on groundnut (Arachis hypogaea) causes plant mortality 
(Ezzahiri & Sekkat 2001; Kachkouch et al., 2012). It attacks apples (Solanum 
tuberosum) in conservation (Attrassi et al., 2005). In Brazil, Mendes et al. 
(1998) reported that Aspergillus flavus attacks Musa spp., Rice (Oryza sativa), 
and coconut (Cocos nucifera). This pathogen can affect several banana species 
such as Musa textilis in Philippine (Teodoro, 1937) and Musa accuminata in 
Thailand (Lumyong et al., 2003). Fusarium oxysporum is certainly the most 
common species of Fusarium in nature (Kachkouch et al., 2012). It is present 
in the soil all around the whole world where it behaves either as parasite or 
saprophyte. It has many specialized forms that attack many plant species, such 
as Cucurbitaceae, asparagus, and ornamentals (Champion, 1997; Kachkouch 
et al., 2012).  
Banana species are Musa sapientum (Alvarez, 1976), Musa 
paradisiaca (Urtiaga, 1986), Musa accuminata (Lumyong et al., 2003), and 
pineapple (Ananas comosus) (Mendes et al., 1998) which are the host plants 
of Penicillium spp.  
Alternaria alternata is a very formidable species for a wide range of 
hosts attacking the foliage, stems, and fruits of its hosts (Kachkouch et al., 
2012). The lesions are black, well defined, more or less circular and zoned on 
the leaves (Bigre et al., 1987). It is considered a saprophyte on cereals but 
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Wrather and Sweets (1999) reported that this species causes ear rot (Berber, 
2008; Kachkouch et al., 2012). 
Recent studies in Benin have revealed the presence of these molds in 
seeds and groundnut cake (Arachis hypogaea) (Garba et al., 2014), on Maize 
(Zea mays) (Ba et al., 2016), on millet (Pennisetum glaucum), and on sorghum 
(Sorghum bicolor) grains (Tovidé et al., 2018). Other studies have also 
confirmed the presence of molds including Aspergillus flavus in groundnut 
seeds in Burkina-Faso (Ouattara-Sourabié, 2011) and, very recently, the 
contamination of smoked and dried fish from Lake Fitri in the Batha region of 
Chad by fungal strains has also been proven (Abdoullahi et al., 2019). Today, 
these molds are the most well-known contaminants in chilli peppers and 
unfortunately deteriorate to its sanitary quality, causing huge economic losses 
(INRAB, 2009). Generally, contamination evolves after harvest, storage, or 
storage based on all intrinsic and extrinsic factors (Royer & Tap 2004; 
Nguyen, 2007).  
It is certain that the present work constitutes a true base for the 
evaluation of the current state of the chilli peppers produced in Benin. 
Furthermore, it reveals, for the first time, the presence of nine (9) fungal 
genera on the varieties of chilli pepper (Capsicum chinense, Capsicum 
annuum, and Capsicum frutescens) including Alternaria spp., Cladosporium 
spp., Mucor spp., Scytalidium spp., Trichophyton spp., and Rhizopus spp. in 
addition to the best-known fungal species of agricultural and food products 
such as Aspergillus spp., Penicillium spp., and Fusarium spp. Thus, 
appropriate measures must be taken to improve the sanitary quality of chillies 
before harvest in order to protect consumers against possible diseases caused 
by molds and their toxins.  
 
5.       Conclusion 
The present study included two hundred and forty (240) samples of 
three chilli pepper varieties (Capsicum chinense, Capsicum annuum and 
Capsicum frutescens) directly from the cultivated fields of six districts of 
Benin. The results of the analysis showed that the majority of these are of 
unsatisfactory sanitary quality and have a fairly high average mold load 
predominantly dominated by several species of the genus Aspergillus (34%), 
Fusarium (21%), Penicillium (16%), Alternaria (7%), Cladosporium (7%), 
Mucor (7%), Scytalidium (4%), Trichophyton (3%), and a species of the genus 
Rhizopus (1%). A total of seventy-six (76) fungal strains were isolated. Indeed, 
no real study has been done until now on the fungal contamination of chilli 
peppers produced and consumed in Benin. Thus, it is for the first time that the 
fungal species Aspergillus spp., Fusarium oxysporum, Penicillium spp., 
Alternaria alternata, Cladosporium spp., Mucor spp., Scytalidium 
dimitadium, Trichophyton spp., and Rhizopus spp. were isolated from chilli 
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pepper varieties produced in Benin. Since some of these molds produce 
mycotoxins that can cause serious illness in consumers at certain 
concentrations, it is necessary to improve the cultural practices and to respect 
the technical production routes of chilli pepper recommended by the 
competent structures for the cultivation of chilli pepper as well, in the humid 
lowlands which is only on the mainland.  
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